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Endoluminal repair of internal carotid 
artery aneurysm" A feasible but 
hazardous procedure 
James May, MS, FRACS, FACS, Geoffrey H. White, FRACS, 
Richard Waugh, FRACR, and John Brennan, MD, FRCS, Sydney, Australia 
Purpose: The aim of this study was to report the repair of an aneurysm of the internal 
carotid artery using the endoluminal method. 
Methods: A 70-year-old male patient noted a swelling in the right side of his neck 22 years 
after endarterectomy of the right internal carotid artery. Duplex ultrasound confirmed 
the clinical diagnosis of aneurysm of the internal carotid artery. Further investigation 
included contrast-enhanced omputed tomographic (CT) scanning and carotid angiogra- 
phy performed via a retrograde femoral approach. The aneurysm contained thrombus 
and was 3 cm in diameter and in length. It extended superiorly from a point 0.5 cm above 
the carotid bifurcation to a point estimated to be 2 cm from the base of the skull. Repair 
of the aneurysm was undertaken using the endoluminal method. A self-expanding 
endograft 8 mm in diameter and 4 cm in length was introduced through a 12F sheath in 
the common carotid artery. An on-table completion angiogram of the right-sided ex- 
tracranial carotid arteries and the intracranial internal c rotid artery and branches was 
obtained. 
Results: The completion angiogram and postoperative CT scan confirmed exclusion of the 
aneurysm sac from the circulation. The patient awoke from anesthesia with complete 
paralysis of the left arm. Recovery of movement commenced 1 hour later. A brain CT 
scan demonstrated the event o be an embolic stroke. Strength ad returned by 7 days. 
Function of the arm was good 1 month after operation, but coordination for fine 
movements was lacking. At the 6-month follow-up, good arm function was maintained. 
A duplex ultrasound scan demonstrated not only continued exclusion of the aneurysm sac 
but occlusion of the endograft, also. 
Conclusions: Endoluminal repair of aneurysms of the internal carotid artery is feasible but 
carries the risk of major morbidity as a result of peripheral embolization and early 
occlusion of the endograft. (J Vase Surg 1997;26:1055-60.) 
The endoluminal method has been used to 
repair aneurysms at various sites throughout he 
body.>~  Parodi 12 reported the treatment of  a false 
aneurysm of  the right common carotid artery near 
its origin from the innominate artery using a 
Palmaz stent (Johnson & Johnson, Warren, N.J.) 
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covered with autologous aphenous vein. Marks 
and his colleagues la reported stent placement in 
two patients who had dissecting aneurysms of the 
internal carotid artery. Singer and his colleagues 14 
reported one patient who had a caroticoophthal- 
mic aneurysm that was treated with a Palmaz stent 
covered by polytetrafluoroethylene (W. L. Gore, 
Flagstaff, Ariz.) that was used to deliberately oc- 
clude the intracranial internal carotid artery. A 
literature search, however, has failed to reveal any 
reports of an endograft being used in the treat- 
ment of aneurysms of the extracranial internal ca- 
rotid artery. This artery occupies aunique position 
because of the sensitivity of the cerebral cortex to 
ischemia and embolization. Most aneurysms, in- 
1055 
JOURNAL OF VASCULAR SURGERY 
1056 May et al. December 1997 
Fig. 1. Preoperative contrast-enhanced CT scan of neck 
demonstrates 3 cm diameter aneurysm of right internal 
carotid artery (arrow). Note calcification at 3, 8, and 11 
o'clock positions. These opacities are visible n postopera- 
tive CT scan (Fig. 3) and must be distinguished from 
extravasation fcontrast material. 
cluding those that arise from the internal carotid 
artery, contain thrombus with the potential for 
peripheral embolization. There are therefore more 
constraints in the treatment of these aneurysms 
than those at other sites. We present an endolumi- 
nal technique that was used to treat an aneurysm of 
the internal carotid artery. 
METHODS 
Case presentation. A 70-year-old male patient 
noted a swelling in the right side of his neck 22 years 
after undergoing endarterectomy of the right inter- 
nal carotid artery. The indication for operation at 
that time was a cerebrovascular accident that resulted 
in a permanent sensory neurologic deficit in the left 
arm. On examination, a golf ball-sized pulsatile 
swelling was palpable below the lobe of the right ear. 
Duplex ultrasound confirmed th  clinical diagnosis 
of aneurysm of the internal carotid artery. Further 
investigation i cluded contrast-enhanced computed 
tomographic (CT) scanning (Fig. 1) and carotid an- 
giography performed via a retrograde femoral ap- 
proach. A radiopaque ruler was placed parallel to the 
carotid arteries and equidistant from the focal point 
of the x-ray tube during angiography. The aneurysm 
contained thrombus and measured 3 cm both in 
diameter and length, commencing at a point 0.5 cm 
above the carotid bifurcation and extending to a 
point estimated to be 2 cm from the base of the skull. 
The diameter of the internal carotid artery immedi- 
ately inferior to the aneurysm was 8 mm, and imme- 
diately superior to the aneurysm it was 5 mm. De- 
spite an apparent stenosis in the aneurysm as a result 
of contained thrombus een on the angiogram, there 
was no increase in velocity detected on duplex ultra- 
sound. No hemodynamically significant lesion was 
detected at the left common carotid bifurcation. Re- 
sults of routine hematologic nvestigations and a bio- 
chemical screen were normal. 
It was considered that the repair of the aneurysm 
was indicated on the basis of the risk of rupture and 
the possibility of embolization. The options of open 
and endoluminal repair, including the risks involved 
with both of the methods, were discussed with the 
patient. The endoluminal method was chosen, and 
informed consent obtained from the patient. This 
method of aneurysm repair is approved by the Insti- 
tutional Ethics Review Board. 
Surgical technique. The operation was per- 
formed with the patient under general anesthesia and 
normothermic conditions. The position of the oper- 
ating table was reversed to allow the image intensifier 
C-arm to pass freely under the patient's head and 
reach a position oblique to the vertical. This was 
important o allow separation of the internal and 
external carotid arteries and to avoid interference 
from the endotracheal tube during screening. A 3 cm 
vertical incision was made over the right common 
carotid artery immediately above the clavicle. A 7F 
introducing sheath (William A. Cook, Eight Mile 
Plains, Australia) was introduced over a guidewire 
(0.035-inch diameter) into the common carotid ar- 
tery. A preprocedure angiogram was obtained by 
introducing contrast material through the side port 
of the introducing sheath (Fig. 2, A). Fortuitously, a 
radiopaque clip that had been placed at the previous 
carotid endarterectomy arked the exact position of 
the carotid bifurcation. The superior extent of the 
aneurysm was marked with an adhesive tape on the 
image intensifier screen. The 7F introducer was ex- 
changed for a 12F short introducing sheath (William 
A. Cook, Eight Mile Plains, Australia). This sheath 
was positioned with 2 cm of its distal length within 
the common carotid artery and sutured to the skin. 
Its function was to provide water-tight access to the 
common carotid artery when the operative field was 
obscured by the image intensifier during the intro- 
duction of the endograft. A Passager endograft (a 
self-expanding prosthesis consisting of a polyester 
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Fig. 2. A, On-table preprocedure angiogram obtained through side port of introducing 
sheath. Note radiopaque hemostatic clip at bifurcation, which was placed during previous 
endarterectomy. B, On-table postprocedure angiogram confirms exclusion f aneurysm from 
circulation. Note radiopaque markers indicating proximal and distal extent of endograft. 
fabric graft mounted on a nitinol frame; Boston Sci- 
entific, Oakland, N.J.), with diameter 8 mm and 
length 4 cm, was selected for the repair. The en- 
dograft is supplied with a 9F introducing sheath and 
dilator. In the normal position, the dilator protrudes 
7 cm through the end of the sheath. The dilator was 
withdrawn so that only 2 cm protruded through the 
end of the sheath and was maintained in this position 
during insertion. By using this maneuver, the sheath 
together with its dilator was able to be introduced to 
a position 0.5 cm superior to the superior extent of 
the aneurysm without the dilator reaching the tortu- 
ous or intracranial portion of the internal carotid 
artery. After removal of the 9F dilator, the Passager 
endograft was delivered to the end of the 9F intro- 
ducing sheath with the aid of a pusher. The position 
of the endograft was checked against he previously 
positioned marker on the image intensifier screen 
and the radiopaque clip, which was visible on the 
screen. The endograft was deployed by holding the 
pusher steady and withdrawing the sheath. An angio- 
gram obtained through the side port of the 12F 
sheath demonstratcd somc narrowing at the superior 
extent of  the endograft. A balloon, 5 mm in diameter 
"and 2 cm in length, was used to dilate the narrowing 
in the endograft. A completion angiogram demon- 
strated that the narrowed portion of the endograft 
had been eliminated and confirmed that the aneu- 
rysm had been excluded from the circulation (Fig. 2, 
B). The opportunity was also taken to move the 
previously fixed image intensifier to image the intra- 
cranial arterial supply to the right side of the cerebral 
cortex. No abnormality was demonstrated on this 
angiogram. 
RESULTS 
The patient awoke promptly from the anesthetic 
but was completely unable to move his left arm. 
Sensation in the left arm, speech, and function of the 
left leg were unaffected. One hour after completion 
of the operation, while in the recovery room, the 
patient regained movement in the left arm but lacked 
coordination. A duplex ultrasound examination per- 
formed in this period demonstrated normal flow 
through the endograft. The patient's condition was 
considered to be a result of embolization to the 
cerebral cortex. Because it was planned to treat the 
patient with an infusion ofheparin leading to antico- 
agulation with warfarin, a CT scan of the brain was 
undertaken to exclude cerebral hemorrhage. This 
demonstrated an area of low density adjacent to the 
right lateral horn of the right lateral ventricle consis- 
tent with an area of infarction and several small foci 
of low density adjacent o the lateral border of the 
tight ventricle in the deep white matter consistent 
with small areas of infarction. 
The strength in the patient's left arm returned to 
a normal evel by the seventh postoperative day, and 
function of the arm 1 month after the operation was 
good. Coordination had improved but not to a nor- 
mal level, particularly for performing fine or complex 
maneuvers. A contrast-enhanced CT scan of the neck 
performed 1 week after the operation demonstrated 
contrast material within the endograft and exclusion 
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Fig. 3. Postoperative contrast-enhanced CT scan demonstrates contrast material within en- 
dograft and exclusion of aneurysm sac from circulation. 
of the aneurysm sac (Fig. 3). At 6-month follow-up, 
good arm function was maintained. A duplex ultra- 
sound scan confirmed continued exclusion of the 
ancurysm sac. In addition, it demonstrated occlusion 
of the endograft and patency of the common and 
external carotid arteries. The endograft hrombosis 
had occurred without clinical sequelae and despite 
anticoagulation with warfarin that maintained the 
patient's international normalized ratio in the range 
of 2.5 to 3. 
DISCUSSION 
The decision to use the endoluminal method of 
repair in preference to performing an open operation 
was based on the perceived ifficulty of exposure of 
the internal carotid artery between the aneurysm and 
the base of the skull. In particular, it was recognized 
that exposure would be complicated by the inability 
to place pressure on the anem3zsm for fear of either 
forcing thrombus into the lumen of the internal 
carotid artery or rupturing the fragile wall of the false 
aneurysm. Equally, it was recognized that endolumi- 
nal manipulation ran the risk of disruption of  the 
thrombus and embolization, although this possibility 
was considered to be of a lesser order of magnitude. 
In light of the intraoperative stroke that occurred, it 
must be acknowledged that the assessment of the 
relative risks of the endoluminal method and the 
open method may not have been correct. In addition 
to embolization, the risk of thrombosis of the en- 
dograft was also a concern. To minimize this risk, 
intraoperative and long-term postoperative anticoag- 
ulation medication was used. 
The aneu~Tsm was thought to be a false one. 
Infection was considered to be an unlikely etiologic 
factor in view of the long interval between the end- 
arterectomy and presentation of the aneurysm and 
the absence of any source of blood-borne infection. 
If  the presumed false aneurysm resulted from suture 
line disruption, it would have been logical to cover 
the entire suture line with the endograft. Because the 
endarterectomy incision would have undoubtedly 
extended inferiorly into the common carotid artery, 
this would have involved a far greater disparity in 
diameter between the internal carotid artery superior 
to the suture line and the common carotid artery 
inferior to the suture line. Such disparity would have 
precluded the use of an endograft because these are 
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available only in the cylindrical rather than the ta- 
pered form. Even limiting the endograft to the site of 
the false aneurysm, which was entirely within the 
internal carotid artery, resulted in the 8 mm diameter 
self-expanding endograft being incompletely ex- 
panded within the confines of  the 5 mm diameter 
internal carotid artery superior to the aneurysm. The 
resulting invagination of the superior end of the 
endograft required balloon dilatation to correct it. 
Such sizing of the endograft, however, was necessary 
to allow the fully expanded 8 mm endograft to ob- 
tain a seal with the similarly sized origin of the' inter- 
nal carotid artery immediately inferior to the aneu- 
rysm. When disparity exists between the diameter of 
the arteries at each end of a cylindrical endograft, the 
sizing is inevitably a compromise. 
Some technical aspects require further comment. 
Open exposure of the common carotid artery was 
preferred for the following reasons. Firstly, the deliv- 
ery catheter supplied with the Passager endograft was 
too short to allow a percutaneous approach from the 
groin. Secondly, access to the common carotid artery 
was required at a point as inferior as possible to 
provide working space for the 12F introducing 
sheath in the common carotid artery without risk of 
it entering the smaller internal carotid artery or, alter- 
natively, becoming inadvertently dislodged from the 
common carotid artery. Percutaneous access imme- 
diately above the clavicle would have been difficult to 
achieve, and difficulty in obtaining hemostasis after 
removal of the sheath could be anticipated because 
the common carotid artery lies several centimeters 
deep to the skin at that point, making compression 
unreliable. It may also seem at first sight that the use 
of the 12F sheath was superfluous because the Pas- 
sager endograft comes with its own introducing 
sheath and dilator. It  must be remembered, however, 
that the image intensifier obscures the operative field 
and site of access to the common carotid artery 
during screening. The Passager introducing sheath 
requires radiographic control during its insertion and 
during its withdrawal in the deployment process. In 
these circumstances, it is easier and more secure to 
advance and withdraw the 9F introducing sheath 
through the hemostatic valve of the 12F sheath than 
"to attempt o insert the 9F sheath into the common 
carotid artery while the image intensifier is in the 
way. This technique also minimizes kinking of the 
smaller Passager sheath and reduces the trauma to 
the arterial wall associated with the sheath moving in 
and out. It must be acknowledged, however, that it is 
an additional maneuver and has its own potential to 
cause embolization. 
A number of precautions taken were unique to 
the endoluminal repair of an aneurysm in this site. 
These precautions included scrupulous attention to 
air bubbles in the contrast material and their re- 
moval. Dilute contrast material was used to minimize 
trauma to the intracranial circulation. The guidewire 
in the internal carotid artery was maintained in an 
extracranial position throughout the procedure. The 
sole responsibility of one of the members of the team 
was to watch the position of the guidewire on the 
screen and to draw the attention of the operating 
team to any undesirable position in either a superior 
or inferior direction. 
This case demonstrates the ease with which distal 
embolization can occur when the endoluminal 
method of treatment is used. ACT  scan of the brain 
demonstrated not one but several loci consistent 
with small areas of infarction. Despite all precautions, 
a major stroke occurred. It is tempting to incriminate 
cortical brain damage that resulted from the cerebro- 
vascular accident hat preceded the carotid endarter- 
ectomy 22 years previously. The neurologic deficit 
from this episode, however, was largely'sensory and is 
unlikely to have contributed to the severity of  the 
motor loss after the second operation. It must also be 
remembered that the good recovery from stroke 
achieved by the patient was fortuitous, as was the 
clinically silent nature of the endograft occlusion; a 
permanent neurologic deficit could have resulted 
from either. We conclude, therefore, that endolumi- 
nal repair of  aneurysms of the internal carotid artery 
is feasible but hazardous. 
The occurrence of an intraoperative mbolic 
stroke and early postoperative occlusion of  the en- 
dograft would suggest hat the endoluminal method 
is not an appropriate one for repairing aneurysms of 
the internal carotid artery. 
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